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i I I, Jakob Knudsen Jakobsen, a subject 

; ^ of the King of Denmark, of Nr 32, 
«»/ Primestervej, Copenhagen, Denmark, do 
fe hereby declare the nature of this inyen- 

W b tion and in what manner the same is to 
B be performed, to be particularly described 

B and ascertained in and by the following 

|5 statement : — 

\% . ' , *Ehe present invention relates to a multi- 
Hiv ft ¥b stage compressor, pump, turbine, or 
*\ > similar machine or engine consisting of 
*\. two oppositely rotating rotors or, alter- 
natively of a rotor and a stator, whereby 
yl- * - " <% \ the meridian section in the mean flow path 
15 may be rectilinear or curved. In the case 
; of a. curved shape the invention prefer- 
'ably , refers to machines or engines in 
\ i which the meridian section runs along a 
/ ^^'W^ curved line the aubtangent of which has 
,^^^constantly, the same. sign, or in a particu- 
lar ease may be zero. The term 4 ' sub- 
tangent " of a point of a curve is defined 
. as- that part of the axis of abscissae which 

lies between the section point of the tan- 
4>^<C^ gent, to the curve at that point with the 
: y<Bv aiia of abscissae and the projection of the 
' * saM point of contact on the said axis. 
, The purpose of the invention is a cer- 
tain arrangement of the rotor blades or 
30 the rotor- and guide blades in such eoni- 
< pressors, liquid pumps, etc. 
/ In the machines or engines of the said 

- ; type generally used the energy conversion 
takes place in successive, oppositely rotatr 
35 ing single rings of blades or in successive, 
rotating and stationary, single rings of 
moving blades and guide blades respec- 
tively. Two such rings of blades follow- 
ing one upon the other form a stage in the 
40 machine or, engine (compressor stage, 
pump stage, etc.). 

It has been proposed * to mount two or 
more rings of blades in series within one 
or more .stage** or stage parts, and the; 
, 45 present invention consists in a special 
-r ' / construction of such a machine or engine' 
where in some of or in all the stages or 
stage parts the blading is formed by two 
[Price 2 / -] 



or more series-motmted rings of blades, 
so-called grid series, which term refers to 60 
the fact that a single ring of blades forms 
a grid of blades, so that several rings of 
blades mounted in series form a grid 
series. If both parte of a stage in the 
engine comprise two or more rings of 65 
blades, the stage will thus consist of two • 
successive grid series moved in relation to 
each other. 

The losses in a blading in .accordance 
with the formerly proposed arrangement 60 
will normally be smaller than in the case 
of the same deflection in a single ring of 
blades, a single grid, but they will be of 
the same order as the losses occurring at 
the alternate mounting of single guide; 60 
blade grids and single rotor blade grids* » ; 
with an energy conversion as mentioned * 
above. In accordance with the present 
invention it is, however, possible to attain 
a rather substantial reduction in the losses 70 
by a suitable mounting of the grids in < ; 
relation to each other, viz., in such a 
manner that the so-called tired boundary 
layer departing from a grid does- not 
impinge on the blades in the following 75 
grid in the same series but passes - 
between them without touching them,. 

In accordance with the invention the 
grid series are built up in such a way that 
the blades in two successive rings of 80 
blades or grids in a series are displaced x 
relative to each other, said two successive 
rings of blades in a series having an equal 
number of blades, and that in the down- 
stream ring the blades have their leading 85 
edges in line with or in the vicinity of the ' 
centre of the space or clearance between 
the trailing edges for the blades in the 
preceding, ring, e.g., within a distance of 
one fourth) of the width of the space to one 90 
side or the oihenof the said centre, the: > 
rings of- blades within a series following 
immediately upon each other with no or 
only a slight clearance. 

Part of the above-mentioned losses in 95 
an ordinary blade grid derive from the '» 
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The condition stated should preferably be 
fulfilled with regard to both grid series. 

Moreover the blade angles for the 
blades in successive grids in a series in 
accordance with the invention should ful- 
fil- tli e- following condition, in at least one* 
point, of the blade length : — 

i tan y 1 

— < -<3, 

3 tan y 11 



where y l designates the angle between the 
so-called mean relative velocity in a grid 10 
series and the peripheral velocity v, 
while y 11 is the angle between the mean 
velocity in the adjacent grid series and 
the peripheral velocity «, see Fig. 3 
which angles are determined by the blade 15 
angles, it being possible in the case oMi 
stage consisting of two grid- series, each 
of whicJi comprises two rings of blades or - 
grids, to use the fed lowing approximate 
expression: — ... 20 



sin a, + gin a 2 sin ft + sin ft 

tany 1 = ^ au< * tiwiy 1 ^— -• — 

cot «» x sin a- + sin x cot ° 2 cot ft x sin ft + sin ft x cot ft 



in which expression the said angles has 
the meaning shown in Fig. 2. 

For the attainment of a good efficiency 

25 it is furthermore of importance that the 

„ so-called secondary flows, i.e., flowis in the 
longitudinal direction of the blades, are 
kept as small as possible. This is best 
attained by letting the velocity disposition 

30 inth© engine correspond as f ar as posjable 
to 4he .so-called potential eddy, or free 
vortex, whereby the tangential velocity of 

V;-a the - working medium is inversely , propor- 
tional to ^ the distance from the axis of 

35 i otation while its axial velocity becomes 
constant at all points. For the fulfilment 
of this condition it must be required that, 
1 < approximately at any rate, the blade, 
angl es fulfil the condition : — v 



tan. y 1 +tan y 11 



where k is a constant dependent on the; 
number of revolutions to which the engine 
is built, while r is the distance from the 
axis of rotation i. , 

> . Knally it is of < importance for the 
attainment of a good efficiency that the 
ratio of the component v n (see Fig. 3) of 
the mean velocity at right angles to the 
grid to the component v t parallel to the 

! grid^is lying within certain limits 1 * viz., 



1 i> n * 
3 '»t 



which condition leads to 

1 1 

— <tany l <3 and — <tan y n <3. , 
3 3 



„ In an engine with two grids in each 
series it may be expedient that, the two 55 
blade angles corresponding to each other 
in tl^ two- parts of a stage are completely 
or approximately equal (i.e., that 
a, —ft and tt 2 = ft) at least at one point of 
the blade length, 60 
In embodiments with three or more 

grids in a series it may correspondingly 
e advantageous that the -condition 
<=ft, <v=ft, v=ft, etc: be fulfilled at 
any rate approximately in at least one 65 
point of the blade length. This is the 
case in the embodiment shown in Figs. 2 
and 3, whereby also y 1 get© equal to y 11 , 
i.e. that; the reaction ratio is 50 per cent. 

Finally it has proved advantageous that 70 
in embodiments with two or more grids in 
series the blade angles fulfil the following 
condition in at least one point of ithe^blade 
length : > ' 

#1 . .1 . ■ s >V ; /v^. 

— <Ctan^<3 ' 75 

■ '■ W.: — ^ ' .y " ; - 3 n , - v^ f'-' : - 

where n is the number' of grids in the _ • 
series, while means the sum of the blade v 1 
angles;, viz.' 



. ; . .a Q or 2=ft+ft + I 1:]. 



: ft- , : 



;JfcL ,musttbe* pointedt out: that even if in applied in the case of radial flow>machines m 

Fiir la machine is shown which- might or engines and in machines or. engines 85 

appropriately l>e termed an axial flow where the flow occurs along a cone sur- 

machine -,**the ihventioon >.inav:/ also .be face, \ or; in; other ^intermediate forms . 
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between axial flow and radial flow 
machines or .engines. 

On account of the good efficiency which 
may be attained' in, a compressor con- 
5 structed in accordance with the invention, 
such, a compressor will be well suited- for 
* * application in. connection with a gas tur- 
bine. . , 

• . Having now particularly described and 
10 ascertained th.e nature of my said inven- 
tion and in what manner the same is to 
,\ be performed, I declare that what I claim 
is: — 

1. Multi-stage compressor, pump, tur- 

16 bine, or similar machine or engine con- 
sisting of two oppositely rotating rotors or 
alternatively of a rotor and a stator, in 
which the meridian section in the mean 
flow surface is rectilinear or curved, and. 

20 for which in some or in all of the stages 
or stage parte the blading is formed by 
two or more series-mounted rings of 
blades, so-called grid series, characterised 
in that these grid series are built up in 

25 such a manner that the blades in two 
* successive rings of blades or grids in a 
series are? displaced in relation . to each 

V. other, said two* successive rings of blades 
ihya sWies*.naving an equal number of 

30 blades, and that in the downstream ring 
the. blades have their leading edges in line 
with or in the vicinity of the centre of the; 

*! space or clearance between the trailing 
edgejs for the blades in the preceding ring* 

35 e.g. within a distaneelof one fourth of the 
- width of the space to one side 6rv the;other 
S;' of the said centre, the rings of blades 

#3.- •• . 50t.,x S m, + S m«,x^v, 



within a series following immediately 
upon each other with no or only a slight 
clearauce. 

Z. Machine or engine as claimed in 
claim .1 characterised in that, preferably 
at all. points of the blade length, the. blade 
angles fulfil the condition : 



where 8 1 is equal to half the difference and 
S 11 equal to half the sum of two successive 
blade angles in a grid series. 

3. Machine or engine as claimed in 
claim 1 or 2, characterised in that the 50 
hlade angles for the blades in successive 
grids in a series at one point at least of 
the blade length fulfil the following con- 
dition: 

J tan y l 

— < <3, 65 

3 tan ■ y" 

where y L designates the angle between the 
mean velocity in a 'grid series and the 
peripheral velocity, while y 11 is the angle 
between the .mean velocity in thcadja-. 
cent grid series and the peripheral velo- 60 
city, which angles are determined by the 
blade angles, it being e.g. in a stage con- i.» 
listing of two grid series, each of which 
comprises two rings of blades or grids, 
vjx*ssibie to use the following approximate 65 
expression : ' 



- and ta,ny»=. 



"■J sin p l + sin fi 2 

eotjft, x sin fi 2 + sin /?, x cot ft 



wi'ti ■: 



• . . -, i ... . w. ■ 

u here *y, * 2 and fc, ft a rejthe^adei angles. - 
.; -in each other of; the^t^' series ^otf the , 
70 stage. 

* 4. Machine or engine as claimed m one 
, or more 'of the preceding claims, charac- 
terized in that the blade angles at lleasi 
' approximately fulfill the condition: 

,' ; , „, tan y 1 + tan y 1 ' 



' where k is a constant dependent on the 
number of? revolutions . for which the? 
engine is built, while r is the distance 
from the axis of rotation. 

&$ Machine Wkngine as claimed in one 
or more of the preceding claims, charac- 
terised in that at least at one point of the 

ifblade length ^tne . blade angles fulfil "the 



condition : 



-<tan y l <3 or 



or both, where y l and y !1 have the mean- 
ing stated in claim 3. 

6. Machine or engine as claimed in one 
or more of the preceding claims and with 
two grids in each series, characterized in 
that the mutually corresponding blade 
angles +\ and ft, and " 2 and ft respec- 
- tively, in the two parts of a stage are 
equal at one point at least of the blade 
length. ! 

T. Machine or engine a# claimed in one 
or more of the preceding claims and with 
three or more^grids in a series, character- 
ized in that 4 the * mutually corresponding 



